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SYSTOLIC ARRAY FOR ALL-NEAREST-NEIGHBOURS PROBLEM

Indexing terms: Computers, Systolic arrays, Computational geometry, Nearest neighbours
The all-nearest-neighbours (ANN) problem is a fundamental problem in computational geometry. In the letter a new twodimensional triangular systolic array with mesh-connected cells is proposed for the ANN problem. This array can process a queue of ANN problems at a throughput of one ANN problem per time period, with an efficiency of 100%.
A tuple a, = (r,, q^x* i, i), i = 1,2,..., N, which is input in a given cell of the first row of the array (Fig. 1) consists of a co-ordinate vector r, of point i, a distance value q max which is common for all input tuples and which is equal to or greater than all point-to-point distances of the set, and the number i of the point. The tuple a, is moved downwards in the column and, on leaving it, is input to the row below and is moved to the right (Fig. 3) . On its way through the array, a, meets all
The all-nearest-neighbours (ANN) problem is a fundamental problem in computational geometry.
1 Given a set of N points with co-ordinates r u r 2 , ..., r N , a point fc, should be found (fe, e {1, 2, ..., N}) which is nearest to point i; the computation should be performed for all i,i= 1,2,..., N. Fig. 1 shows a systolic array for this problem. The function of one cell is specified in Fig. 2 . The small boxes in Fig. 1 denote delay elements which delay signals by one period. (A period is defined as the time required to execute the function given in Fig. 2 .)
The components of the tuple a (Fig. 2) have the following meaning: r is the co-ordinate vector of a point, q is the distance between two points, and i is the point number. The components of a', b and b' have similar meanings. The distance d = | r -p | between the point with co-ordinate vectors r and p and numbers i and j, respectively, is computed in the cell. It is compared with the distance q which is input from the cell above, and the lesser of the two values is output to the cell below. The distance d is also compared with the distance s, which is input from the cell to the left, and the lesser of these two values is output to the cell to the right. A second set of tuples (i.e. a second set of N points) can be input in the array immediately after the first and other sets can follow, so that different ANN problems can be processed in a pipeline manner. After an initial phase of 2N -1 periods, during which the input values penetrate into the array, the array can processes a queue of ANN problems at a throughput of one ANN problem per time period. All cells of the array are active in this mode, and the array efficiency is 100%.
A linear systolic array for the ANN problem has been given in Reference 2. It makes use of N cells and computes a single ANN problem in 2N -1 time periods, and is capable of computing one ANN problem every N periods when processing a queue of ANN problems. The disadvantage of this array is that the underlying algorithm is embedded at the cost of space-time complexity N 2 and the array works with an efficiency of 50%, against N 2 /2 and 100%, respectively, for the array presented here. The cells used are also somewhat more complex.
simultaneous exposure of positive and negative photoresist, 67 while another made use of a spatial phase modulating mask. 8 In these, complex holographic exposure methods or critical exposing conditions were required.
In this letter we propose two novel fabrication methods for quarter-wave-shifted gratings. These only require a conventional holographic exposure step and simple reproducible processes utilising silicon nitride (SiN x ) films by electron cyclotron resonance plasma-assisted chemical vapour deposition (ECR-CVD). 
